Medical and demographic variables were examined as predictors of acute health-related quality of life (HRQL), specifically, somatic distress, mood disturbance and activity levels, during the period of bone marrow transplant (BMT) hospitalization, and the transition phase in the months following hospital discharge. The responses of 153 children undergoing BMT were assessed by both parent report and patient self-report in a prospective longitudinal design. Type of transplant, diagnosis, age, gender, and socio-economic status (SES) were examined as predictor variables of patient outcome. Type of transplant, patient age, and SES emerged as significant determinants of patient response. Children undergoing unrelated donor (MUD) transplants experiencing the highest levels of distress, followed by those undergoing matched-sibling BMT, while those undergoing autologous transplant experienced the lowest levels of distress. Younger patients experienced lower levels of distress and better HRQL than older children and adolescents. Although patients from different SES backgrounds appeared very similar at the time of hospital admission, those from lower SES backgrounds demonstrated greater distress and disturbance in HRQL subsequently, and throughout the first 6 months post BMT. These findings help to target specific subgroups of patients that may be in greater need of preventive interventions or more aggressive supportive care. 1,2 However, to date, studies of physical and psychological responses of patients during the acute phase of BMT, 3-8 as well as those depicting the trajectory to recovery of health-related quality of life in the year following BMT 9-13 have identified few significant predictors of transplant-related distress. The only consistent finding has been that patients with higher levels of distress prior to transplant tend to experience higher levels of distress subsequently, and thus pre-BMT psychological state and performance status are generally the best predictors of post-transplant distress and functioning.
1,2 However, to date, studies of physical and psychological responses of patients during the acute phase of BMT, [3] [4] [5] [6] [7] [8] as well as those depicting the trajectory to recovery of health-related quality of life in the year following BMT [9] [10] [11] [12] [13] have identified few significant predictors of transplant-related distress. The only consistent finding has been that patients with higher levels of distress prior to transplant tend to experience higher levels of distress subsequently, and thus pre-BMT psychological state and performance status are generally the best predictors of post-transplant distress and functioning. 1, [4] [5] [6] 11 Occasional reports of differences in outcome as a function of age or gender 9, 13 are offset by a larger number of null findings on these variables. 3, 4, 6, 11 Even type of transplant (allogeneic vs autologous) and diagnostic background have often not been significant predictors of response. [4] [5] [6] 11 Research regarding predictors of patient response to BMT has been characterized by the same limitations of BMT psychosocial research in general, ie retrospective data collection strategies subject to recall biases, or if prospective, small sample sizes. The sample size issue becomes more problematic when examining predictors of patient response since power is reduced when samples are broken into subgroups based on medical or demographic variables. Typically, a large number of background variables, along with numerous baseline psychosocial or performance variables are entered into regression analyses predicting outcomes for a relatively small number of patients. Such approaches capitalize on chance fluctuations in the data, and consequently the occasional significant finding may be more tenuous and difficult to replicate in subsequent studies. All of the studies described thus far have involved only adults, and there have been essentially no studies reported predicting responses to the acute and transitional phases of transplant in pediatric BMT recipients.
The present study examines major demographic and medical factors as potential predictors of outcome in a prospective, longitudinal study of acute health-related quality of life (HRQL) in children undergoing BMT. As described in the preceding paper, 14 the responses of pediatric patients undergoing BMT were assessed prospectively with collateral parent and child reports throughout the transplant process, from admission to 6 months post BMT. Here, we report on the acute HRQL outcomes of somatic distress, mood disturbance and activity, as a function of the major demographic and medical variables that have been the focus of research in prior studies of adult BMT: patient age, gender, socioeconomic status (SES), type of transplant, and diagnostic background.
Methods
The subjects, materials, and and basic study design have been described in the preceding paper.
14 In addition to examining the change over time on the BASES subscales of Somatic Distress, Mood Disturbance and Activity, medical and demographic variables were examined as potential predictors of these outcomes. Type of transplant (allogeneic -matched sibling, allogeneic -mismatched or unrelated donor, autologous), diagnosis, age, gender and SES (Hollingshead four-factor index) 15 were each entered as single covariates in separate repeated measures analyses to assess the effect of each predictor independently. As reported previously, for continuous variables (Somatic Distress, Mood Disturbance), an unbalanced, repeated measures mixed effects model was utilized, 16, 17 whereas for ordinal variables (Activity), a generalized estimating equations model (GEE) was utilized. 17, 18 In both models, time in weeks (ie weeks pre-or post transplant) is treated as a categorical variable. In the mixed model analyses, the main effects of time, predictor variable, and the interaction of predictor variable with time were examined. To aid in interpretation of covariate effects, BASES trajectories were plotted separately for each category. Age was initially examined as a continuous variable, and subsequently a categorical variable was created (Ͻ6 years, 6-12 years, Ͼ12 years for parent report data; 5-12 years and Ͼ12 years for child report) to more easily appreciate trends.
Results

Type of transplant
By parent report (Table 1) , clear differences were seen as a function of type of transplant on Somatic Distress and Activity outcomes. As in the previous report, 14 rather than (Figure 1a) . The allogeneic groups did not differ from each other. There was a non-significant trend towards an interaction effect (P ϭ 0.08) that appears to reflect some crossover between MUD and matched sibling groups over time. Findings were very similar for Activity, where autologous patients were significantly more active than either allogeneic group, who did not differ from each other. For Mood Disturbance outcomes, there was a marginally significant effect of transplant type (P ϭ 0.025), with autologous patients again showing the lowest level of disturbance, but differing significantly only from the MUD patients (t (153) ϭ 2.7, P ϭ 0.009). There was a non-significant trend towards an interaction effect of transplant type X time (P ϭ 0.08). Examination of the trajectories (Figure 1b) indicates that the autologous patients show an earlier decline in mood disturbance than both allogeneic groups in the initial weeks following BMT. However, by month ϩ2, mood disturbance in the matched sibling patients also declines to levels similar to the autologous group. In contrast, the MUD group shows a slight trend towards increased mood disturbance in months 2-5. The results were generally similar for child self-report outcomes on the BASES-C (Table 2) . For Somatic Distress, children undergoing autologous BMT reported lowest levels of distress, but differed significantly only from the MUD group (t (81) ϭ 3.1, P ϭ 0.003). The matched sibling groups was intermediate, while the MUD group experienced the highest level of distress, differing from both the autologous and matched-sibling (t (73) ϭ 2.0, P ϭ 0.05) groups. There was also a marginally significant interaction effect (P ϭ 0.03) which appears to reflect the more rapid improvement in the autologous group after week ϩ1 ( Figure 1d ). For BASES-C Activity, autologous patients reported the highest levels of Activity, although the differences are much less pronounced. The autologous group differed significantly only from the MUD group (P ϭ 0.02). The matched sibling group was intermediate and also dif- Graphically, groups showed similar, gradually improving mood through week ϩ4, although the autologous patients showed a more pronounced decline in mood Disturbance beyond that point ( Figure 1e ).
Diagnosis
For analysis by diagnosis, subjects were grouped into six diagnostic categories: acute lymphocytic leukemia (ALL), acute myelogenous leukemia (AML), other leukemia (which included chronic myelogenous leukemia and myelodysplastic syndromes), neuroblastoma, other solid tumors, and non-malignant disorders. By parent report, significant effects of diagnostic group were found on Somatic Distress and Activity (Table 1 ). The differences appear largely to reflect the much lower levels of Somatic Distress in the neuroblastoma group, and the relatively higher levels in the ALL and other leukemia groups, with the remaining diagnostic groups intermediate (data not shown). These effects may to some extent reflect a confounding of diagnostic group with age and transplant type. Diagnostic groups did not differ in parent reported Mood Disturbance. By child self-report, there were no differences by diagnostic group in Somatic Distress or Mood Disturbance. There was a marginally significant difference in Activity, with identical ordering to that found with parental data, and thus reflects the relatively higher Activity levels of the neuroblastoma group relative to the ALL and other leukemia groups.
Gender
One of the most clear and consistent findings was the lack of any differences in acute HRQL outcomes by gender. Whether by parent report (Table 1) or patient self-report (Table 2) , and across time points, all BASES outcomes were similar in males and females.
Age
By parent report, age as a continuous variable was highly predictive of Somatic Distress and Activity outcomes, while there was a non-significant trend towards an effect for age on Mood Disturbance (P ϭ 0.085, Table 1 ). In order to explore these effects further, categorical age groups were created, with children grouped as Ͻ6 years; 6-12 years; Ͼ12 years. Age as a categorical variable remained a significant predictor of Somatic Distress and Activity. For Somatic Distress, the youngest age group showed the lowest levels of distress, differing significantly from both the 6-12 group (t (141) ϭ 2.7, P ϭ 0.008) and the Ͼ12 group (t (144) ϭ 3.6, P ϭ 0.0004), who did not differ from each other (see Figure 2a) . The pattern was similar (but inverse) for Activity, where the Ͼ12 group showed the lowest levels of activity and the Ͻ6 group the highest, with the 6-12 group intermediate. All three groups differed significantly from each other. However, examination of the trajectories suggests that the lower Activity levels of the older patients are seen mainly during the most acute phase of BMT (Figure 2c) . By month ϩ3, Activity levels of the adolescents increase to the level of the youngest patients (which is close to the ceiling of the measure), and are maintained there through month ϩ6. Age as a categorical variable was no longer a significant predictor of Mood Disturbance. However, an interesting pattern is observed whereby the oldest patients showed the highest levels of mood disturbance during the early acute phase, through week ϩ6, but by month ϩ3 had recovered and actually showed the lowest levels of Mood Disturbance thereafter (Figure 2b ). This is similar to the pattern found on the Activity scale. Similar findings were obtained by child report using age as a continuous variable; ie there was a highly significant age effect on Somatic Distress and Activity, and a marginally significant (P ϭ 0.02) effect on Mood Disturbance. However, it should be noted that the age range is more restricted with child data, since no self-report measures were obtained from children less than 5 years of age. Thus, when creating a categorical variable, only two age groups were produced: р12 years and Ͼ12 years. The younger group showed marginally lower levels of Somatic Distress (P ϭ 0.03), and clearly higher levels of Activity (P Ͻ 0.0001, Figure 2 ). No differences between age groups were found on self-reported Mood Disturbance.
SES
For analysis of the effects of socio-economic status, social classes I and II (those with higher resources and education) were collapsed into a single group, as were social classes IV and V (those with lower resources, less education), thus creating three groups with high (I,II), intermediate (III) and low (IV,V) SES. Analyzed in this way, SES was a significant determinant of all BASES outcomes by both parent report and child self-report (Tables 1 and 2 ), although trajectories differed somewhat depending on respondent (Figure 3) . By parent report, the lower SES group (IV,V) stands out as doing more poorly than the other two groups, who do not differ from each other. For Somatic Distress, group IV,V differed significantly from both group III (t (141) ϭ 2.1, P ϭ 0.03) and group I,II (t (140) ϭ 3.0, P ϭ 0.003). Likewise for Mood Disturbance, group IV,V differed from III (t (144) ϭ 2.8, P ϭ 0.006) and from I,II (t (144) ϭ 3.3, P ϭ 0.001). Examination of the trajectory for Mood Disturbance shows a striking pattern for group IV,V (Figure 3b ). This low SES group experiences greater Mood Disturbance during the acute period of BMT hospitalization, but with an improving trend from week ϩ2 to week ϩ5, which brings them near to the levels of the other groups. Subsequently, while Mood Disturbance in groups I,II and III continues to decline, there is a second increase in group IV,V, which continues and is maintained to month ϩ5. Thus, during the transition to outpatient and home care, the SES differences are most pronounced, with the lower SES group doing more poorly. For Activity, similar group differences are found, with group IV,V doing more poorly, but the pattern is not as pronounced. Group V,IV differs significantly only from group I,II (P ϭ 0.0002).
By child report on the BASES-C, the direction of the SES group findings is the same, but it is group I,II that stands out as doing significantly better than the other two groups ( Figure 3 ). For Somatic Distress, the three groups begin with remarkably similar levels at week Ϫ1, but the increase in distress immediately following conditioning is more pronounced in groups III, and IV,V (Figure 3d ). Overall, group I,II differs significantly from group IV,V (t (75) ϭ 2.4, P ϭ 0.02), and marginally from group III (t (74) ϭ 1.8, P ϭ 0.08), while the two lower SES groups do not differ from each other. There was also a marginally significant interaction effect (P ϭ 0.03), which is difficult to interpret, but appears to involve primarily groups III and IV,V, and occasional differences in the direction of change over time between these groups. The findings for Mood Disturbance are comparable, with group I,II differing from both the low (t (74) ϭ 2.9, P ϭ 0.005) and intermediate (t (73) ϭ 2.0, P ϭ 0.05) SES groups who do not differ from each other. Again on Activity, the direction of the Bone Marrow Transplantation findings was identical, although the differences were more pronounced, with group I,II differing from both group III (P ϭ 0.003) and group IV,V (P Ͻ 0.0001), who do not differ from each other.
Discussion
The current report is the first to identify predictors of patient response during the acute and transition phase of transplantation in children undergoing BMT. Of the background factors examined, type of transplant, diagnosis, age and SES all emerged as significant predictors of acute HRQL in pediatric patients undergoing BMT, while only gender was not associated with any of the HRQL outcomes. Most of the findings are readily explicable, and appear to occur in the expected, or intuitively predictable direction. However, it is striking that many of the specific findings described here regarding medical and demographic factors have not been reported before in children or adults, or contradict null findings that have been previously reported in adult populations. Children undergoing autologous BMT demonstrated consistently less disturbance in HRQL throughout the first 6 months of the BMT procedure, with less somatic distress and mood disturbance, and higher levels of activity, than those undergoing any type of allogeneic transplant. This finding confirms widely held clinical impressions within pediatric BMT, but curiously, such differences had not been previously reported in studies of the acute response of adults undergoing BMT. [4] [5] [6] The shape of the response trajectory of the autologous group was similar, with a peak in distress (and nadir in activity) at week ϩ1 followed by a rapid recovery. However, the recovery is much faster and more pronounced among autologous patients, whose Somatic Distress declined to below admission levels by week ϩ4, in contrast to the allogeneic groups who did not reach this level until month ϩ3. There was a trend for patients undergoing MUD transplants to experience greater distress than those undergoing matched sibling transplants. This reached significance in the child self-report outcomes, where the MUD group obtained Somatic Distress scores significantly higher than either the matched sibling or autologous patients. Descriptively, the MUD and matched sibling groups experienced nearly identical levels of distress during the early acute post-BMT period, with the MUD group showing higher levels of distress later, in the period 3-6 months post BMT. The similarity of effects of transplant type on outcomes by both parent and child report serves to strengthen the validity of these findings.
The findings regarding diagnosis are more difficult to interpret. It appears likely that the observed differences are confounded, at least in part, by age and type of transplant. The significant findings were contributed to largely by the very low Somatic Distress (and higher Activity) scores in the neuroblastoma group, in contrast to the relatively higher scores among those with ALL or 'other leukemia'. The neuroblastoma group was comprised entirely of patients less than 6 years of age who were undergoing autologous BMT, two of the factors that we have shown to be associated with lower distress. We have presented separate analyses here to allow for simpler, more readily interpretable outcomes that can be appreciated visually. However, this comes at a cost whereby the more complex interrelationship among variables, that would be identified in a multivariate approach, may be missed. In this instance, it appears likely that including age, transplant type and diagnosis simultaneously in a multiple regression would lead to elimination of diagnosis as a significant predictor of outcome. Planned future analyses will utilize a multivariate approach that includes baseline psychological measures as well as the medical and demographic variables.
The findings regarding patient age present a generally similar picture across outcomes and informants, and are also consistent with clinical impressions that younger children tolerate BMT with fewer difficulties, while older children and adolescents experience relatively higher levels of distress and discomfort. The effect sizes were larger when age was treated as a continuous variable rather than categorically, and it may be that the age groupings utilized were not the optimal ones for detecting such differences. This is particularly true for Mood Disturbance outcomes, where marginally significant fingings that were obtained when age was treated as a continuous variable, disappeared completely once it was treated categorically. The age groupings reflect a compromise, in light of both developmental issues and pragmatic concerns regarding sample size, and thus are to some extent arbitrary. It appears probable that use of different age groupings may have produced larger group differences. Nevertheless, a reasonably clear picture emerges of a linear relationship, with disruptions in acute HRQL increasing with increasing age.
Perhaps the most clear and consistent finding was the lack of relationship of any acute HRQL outcomes with patient gender. For this comparison there were substantial samples in both groups, and power to detect at least moderately sized effects. Thus, the absence of any significant findings suggests that is unlikely that there are any systematic differences between male and female patients.
The finding of clear and systematic differences in acute outcomes as a function of socio-economic status was somewhat unexpected. Although it is not a surprise to find that those from lower SES groups experience more difficulty later, in the period 3-6 months post BMT, as treatment typically moves to more outpatient or home-based care, substantial differences in the early weeks following conditioning were not anticipated. We felt that the intensity of BMT therapy might serve as a 'great equalizer' in this early phase, minimizing any differences among SES groups, but this was not the case. For Somatic Distress, there were no differences based on SES at the time of admission, as all groups had nearly identical scores at week Ϫ1. However, by week ϩ1, SES differences were already beginning to emerge, with lower SES groups (III-V) showing greater distress than those in groups I and II. These differences were then maintained throughout most of the study period, until month ϩ6 when all groups appear to be reaching a basal level. This pattern was even more pronounced for Mood Disturbance outcomes, where those from group IV,V stand out as having the greatest difficulty, particularly in the period of months 2-5 post BMT.
Although socio-economic status has been clearly shown to be a significant determinant of both general health and mental health outcomes in children and adults, [19] [20] [21] the impact of SES on BMT outcomes has rarely been reported. 1 Frequently, education is used as the primary indicator of SES, with the occasional positive finding of education as a predictor of BMT outcomes, 13 balanced by other reports of null findings, 11 but most common is the absence of any mention of SES effects. [3] [4] [5] [6] Our ability to detect differences as a function of SES may have been enhanced by the policy of our institution, which, as a charity hospital, is able to provide BMT to patients regardless of their personal resources or coverage by third-party payers or managed care plans. Thus, our sample includes adequate representation across all SES backgrounds, with nearly a third of participants from social classes IV and V. Unfortunately, BMT as a treatment option may not be equally available to all socio-economic groups in some settings, [22] [23] [24] and limited representation of those from lower SES groups in some previous studies may have reduced the likelihood of identifying SES as a significant predictor of BMT outcome. Nevertheless, these findings highlight the need to maintain a biopsychosocial perspective in examining patient response to BMT, and to recognize the social contributions to patient outcome. The mechanisms by which SES serves to impact HRQL during the acute phase of BMT have yet to be delineated and represent a target for future research. The most likely mechanisms will involve the availability of resources (instrumental, financial, intellectual, social support) to both the child and parents.
The current findings provide useful information regarding the targeting of interventions and resources for supportive care. While all patients undergoing BMT require high levels of supportive care, earlier and more aggressive intervention might be focused on: (1) those undergoing allogeneic BMT; (2) older children and adolescents; and (3) those from lower SES backgrounds. Given that peak levels of distress are generally reached by week ϩ1, and that differences as a function of these variables are already present and pronounced at that point, interventions need to begin early, and be administered in a preventive, or proactive manner for high risk patients, rather than waiting for problematic cases to present themselves.
One question raised by this study is whether any of these findings regarding pediatric patients would be relevant to adult patients undergoing BMT. With the exception of the SES findings, it seems unlikely that the current results are directly translatable to adults, and caution is in order in attempting to extrapolate to adult populations. Certainly, it seems unlikely that the age effects observed in the current sample tell us anything about likely age effects in adult samples. Likewise, since the treatment regimens and diagnostic background of participants are so different between adult and pediatric settings, the current findings regarding transplant type may not be relevant to adults. On the other hand, the SES findings are likely to be equally relevant to adults. In fact, one might expect SES to be an even more potent predictor of outcomes in adult settings, although one must bear in mind the likely restriction of range, as low SES adults may be even less likely to come to transplant than low SES children. 23 The major limitations of this study are the same as those outlined in the previous paper, 14 including the assumption that missing data are missing at random, and threats to generalizability in a study from a single institution. In addition, our choice of data analytic approach, looking separately at each predictor variable in isolation from other factors, may be considered somewhat simplistic, relative to other multivariate approaches, such as multiple regression. We felt that for the initial report from this dataset, our approach would allow for better interpretability and clarity in appreciating the direction of effects of the major medical and demographic predictors. In subsequent analyses, we plan to evaluate the effects of a number of psychological predictors (eg child pre-morbid adjustment, adaptive style, family environment, etc) in addition to the background variables reported here, and more sophisticated, multivariable approaches will be more appropriately utilized in that analysis.
